ABSTRACT An experimental line (F) of turkeys was reciprocally crossed with sire lines (designated A and B) from each of two commercial breeders in order to study the inheritance of carcass traits and body shape. The birds were weighed and killed at 17 wk of age, and various measurements of muscling, leg bones, and body shape were made. Additive genetic variation, as indicated by line differences, was an important source of variation in most traits. The only traits that did not exhibit a line difference in any comparison were weight of the drumstick muscles, tarsometatarsal width, keel length, and Body Depth 2 (body depth at a point 2.54 cm anterior to the posterior end of the keel). Heterosis of live BW was greater in males than in females. Heterosis in the weight of the pectoralis major and p. minor muscles were similar to those of live BW, but heterosis in the weight of the leg muscles were higher than that of live BW. The average heterosis for bone measurements (length of the femur, tarsometatarsal, and tibiotarsal bones and tarsometatarsal width) was very low and ranged from −0.3 to 1.4%. For
INTRODUCTION
The commercial turkey is the result of a cross of a commercial sire line (or sire line cross) and a commercial dam line (or dam line cross). Sire lines are normally selected for improved growth and conformation, whereas selection emphasis in dam lines is for reproduction traits with some additional selection for growth and conformation.
In general, early reports indicated that nonadditive genetic variation was not a major contributor to total genetic variation in BW. Heterosis in BW was observed in some To whom correspondence should be addressed: Nestor.1@osu.edu. 1093 measurements of body shape [keel length, Body Depth 1 (body depth measured at the cranial process of the keel), Body Depth 2, ratio of Body Depth 1 to Body Depth 2, length, width, and height of the body cavity, and body cavity volume index), heterosis was low and the average ranged from -2.7 to 2.6%.
Based on an analysis of both sexes combined, the commercial sire lines differed in BW, weights of the p. minor and drumstick muscles, weights of the tarsometatarsal, femur, and tibiotarsal bones, lengths of the tarsometatarsal and femur bones, and various measurements of body shape (Body Depth 1, body depth ratio, body cavity length and height, and body cavity volume index). Relative to the commercial sire lines, the F line was smaller, had less breast and leg muscling, and, in general, larger leg bones when sexes were combined. The carcass of the F line was deeper than that of the commercial sire lines when measured at the cranial process of the keel but not at 2.54 cm anterior to the posterior portion of the keel. Body cavity height and body cavity volume index were larger in the F line than in the commercial sire lines.
crosses (Asmundson, 1942 (Asmundson, , 1948 Jerome et al., 1960; Friars et al., 1963) but not in other crosses (Knox and Marsden, 1944; Kondra and Shoffner, 1955; Jerome et al., 1960; Clark, 1961; Nestor, 1971) . In some cases, heterosis was observed in BW only at certain ages (Asmundson and Pun, 1954; Friars et al., 1963) . Using diallel crosses, McCartney and Chamberlin (1961) concluded that additive genetic variance was much more important than nonadditive genetic variance in BW.
More recently, Emmerson et al. (1991) observed significant heterosis in BW, particularly at older ages, in F 1 and F 2 reciprocal crosses of an experimental line (F) selected long-term for increased 16-wk BW and a sire line (N) no longer used commercially. No heterosis in BW was observed in a cross of an experimental line selected Abbreviation Key: A, B, and N = commercial sire lines; F = experimental line selected long-term for increased 16-wk BW; FL = subline of F selected for increased shank width; RBC2 = randombred control line.
for increased egg production and the F line at 8, 16, and 20 wk of age; heterosis was observed only at 20 wk of age in a cross of the egg and N lines . In crosses of an experimental line (FL) selected for increased shank width and an unimproved commercial sire line, Ye et al. (1997) observed significant heterosis in BW. When the FL line was crossed with two improved commercial sire lines (A and B), significant heterosis was observed in BW of females for the cross involving Line A and of males for the cross involving Line B (Nestor and Anderson, 1998) . In crosses of the A, B, and F lines, Nestor et al. (2001) found that heterosis ranged from 3.1 to 7.5% for BW of males at 8, 16, and 20 wk of age. For female BW, heterosis was significant only at 8 and 16 wk of age and ranged from 2.6 to 4.9%. Visual observation indicated that the A, B, and F lines differed greatly in body shape (unpublished observations) but no measurements were made.
Genetic variation in carcass traits and body shape in turkeys has received little attention. Breast width is a measure of the amount of breast muscles (Johnson and Asmundson, 1957) . No heterosis in breast width was observed in several crosses involving commercial and experimental lines of turkeys (Nestor, 1971; Ye et al., 1997; Nestor et al., 1997; Nestor and Anderson, 1998; Nestor et al., 2001 ) . The purpose of the present study was to study the genetic variation of carcass traits and body shape in the F, A, and B lines and in reciprocal crosses among them.
MATERIALS AND METHODS

Genetic Stocks
The F line was started from a randombred control population (RBC2) by mass selection only for increased 16-wk BW. Details of the maintenance of the F line and response to selection have been previously reported (Nestor, 1977 (Nestor, , 1984 Nestor et al., 1996 Nestor et al., , 2000 . The F line had been selected for 30 generations at the time of the present study.
A sample of a sire line from each of two major international turkey breeders was obtained as unpedigreed eggs. The commercial sire lines, designated A and B, were reproduced in the first generation by selecting 15 females and 10 males from each sire line with minimal selection pressure for increased 16-wk BW and increased 16-wk breast width in an attempt to maintain the lines at current performance levels. Approximately 50% of the males with the largest 16-wk BW and widest breasts were selected, whereas no selection was practiced in females. The pure sire lines were reproduced by artificially inseminating 15 females with pooled semen from the 10 males. The A and B lines were then reciprocally crossed with the F line.
Offspring from the pure lines and reciprocal crosses were produced in a single hatch that represented a 2-wk collection of eggs. The F line was produced by weekly artificially mating 36 sires to 72 dams with each sire being mated to two dams. The number of offspring used from the F line was 6 males and 18 females. The pure A and B lines were produced from 6 dams. The number of sires used in the production of the A and B lines was 11 and 9, respectively. Each week, the sire used for artificial insemination of each hen was changed so that as large a genetic base as possible was obtained. The number of offspring used was 10 males and 4 females for the A line and 6 males and 8 females for the B line. To produce crosses involving F-line sires and A-and B-line dams, the same sires were used to mate dams from both lines and to reproduce the F line. A different F-line sire was used to inseminate each dam each week. The number of offspring from each cross and sex subgroup ranged from 3 to 13 with an average of 9.8 per group. For the reciprocal cross, nine F-line dams were used in each cross. The same sires used in the production of the A and B lines were also used in the production of the crosses, and the sire assigned to each dam was changed weekly to ensure as wide a genetic base as possible. The number of offspring for the crosses and sex subgroups involving F line dams ranged from 7 to 16 with an average of 11.5.
Management of Birds and Measurements Made
The birds were grown, sexes separate, in confinement. All birds were provided a declining protein four-ration system (Naber and Touchburn, 1970 ) based on the schedule for males. Continuous lighting was provided from hatching to 6 wk of age, at which time the photoperiod was reduced to 12 h/d.
During the 17th wk of age, the birds were feed deprived overnight (a procedure which, according to Salmon, 1979 , does not affect eviscerated carcass yield), weighed, and killed by severing the jugular vein. Birds were then scalded at 68 C for about 30 s and plucked by a mechanical picker. Males were killed on 1 d, and females were killed the following day.
After being plucked, the birds were placed flat on their backs on a smooth surface and a subjective breast score was assigned to each bird as follows: 1) breast was long and wide and width was similar anteriorly as posteriorly with no curvature of the keel bone, and there were no defects; 2) breast was wide and the width of the breast declined slightly from anterior to posterior, the keel bone was not as long as for birds that were rated 1, but there was no curvature of the keel bone and there were no defects; 3) breast was not as wide and declined in width from anterior to posterior with some curvature of the keel bone, and there were no other defects; 4) breasts were narrow, declined greatly in breast width from anterior to posterior, or there was moderate curvature of the keel or a combination of these, and there were some minor defects; and 5) breast was narrow and the keel bone was short with extreme curvature, and there were major defects. Breast defects included breast blisters and lateral deviations of the keel.
After the subjective breast ratings, measurements of breast width and keel bone length were made using cali-pers. Breast width was measured at 6.35 cm of body depth at a point approximately 3.18 cm from the anterior point of the keel. Two measurements of body depth were made using Bird's (1945) instrument. The first measurement (Body Depth 1) was made at the cranial process of the keel, and the second measurement (Body Depth 2) was made 2.54 cm anterior to the posterior end of the keel. A body depth ratio was calculated by dividing Body Depth 1 by Body Depth 2.
The birds were eviscerated following measurements of the intact carcass. The head, neck, and left leg were removed from the carcass and discarded. The right leg was removed, the shank was separated from the rest of the leg, and both parts of the leg were placed in a freezer bag with skin intact, and frozen for later dissection. The length of the dorsal part of the body cavity anterior to posterior was measured using a ruler. The right pectoralis major and p. minor muscles were removed and weighed. To obtain the total weights of these muscles, the weights obtained were multiplied by two. Carcasses were then carefully cut into halves with a bandsaw. The height of the internal body cavity was measured with a ruler at the cranial process of the keel. To measure one-half of body cavity width, a straight edge was placed on the cut portion at cranial process of the keel, and width was taken as the maximum value from the straight edge to the body cavity wall. The value obtained was multiplied by two to obtain the total body cavity width. An index of volume of the body cavity was obtained by multiplying measurements of length, width, and height.
The frozen legs were thawed, and the toes were removed from the shank and discarded. After boiling for 10 min, the tarsametatarsal bone was separated from the soft tissue. The width of the tarsametatarsal bone was measured laterally at the dewclaw. The drumstick was separated from the thigh, and the skin on both parts was removed. Large subcutaneous fat deposits were removed, and muscles were separated from the bones. The drumstick and thigh muscles were weighed separately. The bones were boiled for about 5 min, and the remaining soft tissue was carefully removed from the bone. The weights of the tibiotarsal and metatarsal bones were obtained. The length of the tibiotarsal bone was measured from the tuberosity of the tibia to the tarsal part of the tibia. Length of the metatarsal bone was measured from the tarsal point to the third metatarsal bone.
Statistical Analysis
The data were analyzed using the general linear models procedure of SAS software (SAS Institute, 1988) within sex for the effect of genetic group and for genetic group and sex when all of the data were combined. Orthogonal contrasts (SAS Institute, 1988) were used to estimate additive genetic effects (contrast of A vs. B, F vs. A, and F vs. B), heterotic effect (contrast of average of the parental lines with the average of the reciprocal crosses), and sexlinked or maternal effects (contrast of reciprocal crosses). Percentage heterosis was obtained by dividing the average of the reciprocal crosses by the average of the parental lines and multiplying the result by 100.
RESULTS
Sex Effects
Males were larger than females, as expected (Table 1 ). All leg and breast muscle weights were larger in males than females. However, breast width did not differ significantly between sexes (16.3 and 16.8 cm, respectively, in males and females). Breast ratings were higher in males (2.70) than in females (2.23). All bone weights and bone measurements were larger in males than females. Keel length, body depth measurements, body depth ratio, and body cavity length, body cavity width, body cavity height, and body cavity volume index were greater in males than in females.
Live Body Weight and Muscling
Additive Genetic Effects. The 17-wk BW of the A line did not differ significantly from that of the B line for males (Table 2) or females (Table 3 ) when the sexes were analyzed separately. However, in the combined analysis, Line B was larger than Line A (Table 4 ). The F line was smaller than the A line in all three analyses. The F line did not differ significantly from the B line when the sexes were analyzed separately, but the B line was significantly larger than the F line when the sexes were combined.
Carcass breast width and the weight of the breast muscles (p. major and minor) were larger and breast rating was smaller for the commercial sire lines than for the F line for males, females, and sexes combined (Tables 2 to  4 ). The commercial sire lines did not differ for carcass breast width, weight of the p. major muscle, or breast rating for males, females, or sexes combined. The weight of the p. minor muscle did not differ between commercial sire lines for males but was significantly larger in Line A than Line B for females and sexes combined.
The weight of the thigh muscles was larger in the commercial sire lines than in the F line for males (Table 2) and sexes combined (Table 4) but not for females (Table  3 ). The weight of the drumstick muscles did not differ significantly between the commercial sire lines and the F line for males, female, and sexes combined even though the average weights were consistently larger for the commercial sire lines than the F line.
Reciprocal Effects. Reciprocal effects were not significant for BW, muscle weights, carcass breast width, and breast rating in males (Table 2 ) and sexes combined (Table 4) . Reciprocal effects were significant for the weight of the drumstick muscles for females in both crosses and thigh muscles for females from the crosses of the B and F lines (Table 3) . In all cases when reciprocal effects were significant, values were greater when the commercial sire line was the female parent.
Heterotic Effects. The percentage heterosis for 17-wk BW was significant for males (average = 7.2; Table 2 ) and The breasts were subjectively rated from 1 (best) to 5 (worst) based on breast width from anterior to posterior, curvature of keel bone, and presence or absence of defects.
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Body Depth 1 was measured at the cranial process of the keel, and Body Depth 2 was measured at 2.54 cm anterior to the posterior end of the keel. Body depth ratio was obtained by dividing Body Depth 1 by Body Depth 2. Body cavity volume index was obtained by body cavity length × body cavity width × body cavity height.
sexes combined (average = 3.6; Table 4) but not for females (Table 3) . Carcass breast width, breast rating, and weight of the p. major muscle exhibited significant heterosis for males of the crosses of the A and F lines but not the B and F lines. No significant heterosis was noted for breast width, breast rating, or weight of the p. major muscle for females in either cross. When the data were analyzed for the sexes combined, the breast ratings and the weight The breasts were subjectively rated from 1 (best) to 5 (worst) based on breast width from anterior to posterior, curvature of keel bone, and presence or absence of defects.
*P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001. of the p. major muscle, but not carcass breast width, exhibited significant heterosis in the crosses of the A and F lines, and significant heterosis was observed for the weight of the p. minor muscle in the crosses of the B and A lines. In general, the weights of the leg muscles (drumstick and thigh) exhibited significant heterosis for males and females separately and for sexes combined. The percentage heterosis was positive (6.4) but was not The breasts were subjectively rated from 1 (best) to 5 (worst) based on breast width from anterior to posterior, curvature of keel bone, and presence or absence of defects.
*P ≤ 0.05. ***P ≤ 0.001.
significant for the drumstick muscles of females from the crosses of the B and F lines.
Leg Measurements
Additive Genetic Effects. All leg bones were consistently heavier in the A line than in the B line, but the The breasts were subjectively rated from 1 (best) to 5 (worst) based on breast width from anterior to posterior, curvature of keel bone, and presence or absence of defects.
*P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001.
differences were not significant for males (Table 5 ). For females, the tibiotarsus and femur weights were significantly larger in the A line than in the B line (Table 6 ). When the data from both sexes were combined (Table 7) , the weights of all leg bones were heavier in Line A than in Line B. The width of the tarsometarsal bone did not differ between the A and B lines in males, females, or Commercial sire lines differed (P ≤ 0.05). *P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001.
sexes combined. The tarsometarsal and femur bones were longer in the A line than in the B line in the analysis in which sexes were combined. In males, only the length of the femur differed significantly between Lines A and B, and there was no significant line difference in length of the femur and tarsometarsal bone in females. No significant difference between the A and B lines was noted for length of the tibiotarsal bone. The femur weight and tibiotarsal bone weight and length were greater in the F line than in the A line for males (Table 5 ) and sexes combined (Table 7) , but there was no line difference in females (Table 6 ). There was no significant difference between the F and A lines for tarsometarsal width.
All of the leg bones were heavier in the F line than in the B line for males (Table 5) , females (Table 6) , and sexes combined ( Table 7) . The tarsometarsal and femur bones were longer in the F line than in the B line for males, females, and sexes combined. The tibiotarsal bone was, in general, longer in the F line than in the B line with the difference being significant for females separately and when the sexes were combined. There was no difference between the F and B lines for tarsometatarsal width.
Reciprocal Effects. No significant reciprocal effects were observed for leg bone weights and lengths when the data for males were analyzed separately (Table 5 ). For females (Table 6 ), the reciprocal crosses of the A and F lines differed in tarsometatarsal weight and length, and tibiotarsal weight and the reciprocal crosses of B and F differed in femur weight. In the combined analysis (Table  7) , the only significant differences observed between reciprocal crosses were for tarsotarsal weight and width in the crosses of the A and F lines.
Heterotic Effects. Heterosis in tarsometatarsal weights was positive and significant for females and sexes combined in the cross of the A and F lines, but no significant heterosis was noted for tarsometatarsal weights in crosses of the B and F lines (Tables 5 to 7) . No significant heterosis for tarsometarsal length was observed in either cross. Tarsometatarsal width exhibited significant heterosis (3.0%) in crosses of the A and F lines when the sexes were combined. Femur weight and length did not exhibit heterosis in the crosses of the A and F lines, but for the crosses of the B and F lines, heterosis (5.9%) was significant for femur weight in the combined analysis. In the combined analysis of the A and F crosses, tibiotarsal bone length, but not weight, exhibited significant heterosis. Significant heterosis was noted for tibiotarsal weights in females (5.4%) and sexes combined (4.7%) in the crosses of the B and F lines.
Body Shape Measurements
Additive Genetic Effects. The A and B lines did not differ in keel length of males (Table 8) , females (Table 9) , or sexes combined (Table 10) . Line A had a larger body depth at the anterior part of the keel (Body Depth 1) than the B line for females and sexes combined. Body depth at the posterior portion of the keel (Body Depth 2) did not differ between Lines A and B in any comparison resulting in a significant line difference in body depth ratio in the combined analysis. The body cavity was longer in Line A than Line B. Body cavity width did not differ between Lines A and B. Body cavity height was consistently greater in Line A than Line B, but the line difference was significant only when the sexes were combined. Body cavity volume index (length × width × height) was consistently greater for Line A than for Line B but was significant only for females and the sexes combined.
The F line did not differ from the commercial sire lines in keel length (Tables 8 to 10 ). Body Depth 1 was consis- (A and B) and a line (F) selected long- tently larger in the F line than the commercial sire lines. Only for females of the crosses of the A and F lines was the difference not significant. Body Depth 2 of the commercial sire lines and the F line did not differ, resulting in significant differences among the commercial sire lines and the F line in body depth ratio for all comparisons. The body cavity was longer in Line F than in Line B, but there was no line difference between Lines A and F. Body cavity width did not consistently differ among the commercial sire lines and the F line, with a line difference being significant only for females of the crosses of the B and F lines. The body cavity was consistently higher in the F line than in the commercial sire lines. Although not always statistically significant, the F line had a greater body cavity volume index than the commercial sire lines with the difference being larger in the comparisons of the B and F lines. Reciprocal Effects. Reciprocal effects were not an important source of variation in measurements of body shape (Tables 8 to 10 ). For males, the only significant differences between reciprocal crosses were for body cavity width in the crosses of the A and F lines and for Body (A and B) and a line (F) selected long- Body Depth 1 was measured at the cranial process of the keel, and Body Depth 2 was measured at 2.54 cm anterior to the posterior end of the keel. Body depth ratio was obtained by dividing Body Depth 1 by Body Depth 2. The body volume index was obtained by body cavity length × body cavity width × body cavity height.
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Commercial sire lines differed (P ≤ 0.05). *P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001.
Depth 1 in the crosses of the B and F lines. No significant reciprocal effects were noted for females of either cross. In the combined analysis of both sexes, significant reciprocal effects were noted for keel length in the crosses of the B and F lines. Heterotic Effects. The heterosis in keel length was positive in all comparisons (Tables 8 to 10 ) but was significant only for the analysis of the sexes combined in the crosses of the B and F lines. Body Depth 1 did not exhibit significant heterosis, but heterosis for Body Depth 2 was of reciprocally crossing commercial sire (S) lines (A and B) and a line (F) selected long- Body Depth 1 was measured at the cranial process of the keel and Body Depth 2 was measured at 2.54 cm anterior to the posterior end of the keel. Body depth ratio was obtained by dividing Body Depth 1 by Body Depth 2. The body volume index was obtained by body cavity length × body cavity width × body cavity height.
Commercial sire lines differed (P ≤ 0.05). *P ≤ 0.05. ***P ≤ 0.001.
consistently positive (range = 2.1 to 3.5%) in all comparisons and significant for the sexes combined in the crosses of the A and F lines. Heterosis for body depth ratio was consistently negative (−1.0 to −4.2%) and was significant for males and sexes combined in the crosses of the A and F lines. No significant heterosis was observed for body cavity length, body cavity width, body cavity height, or body cavity volume index.
DISCUSSION
Additive genetic variation, as indicated by line differences in the current study, was an important source of variation in most traits. The only traits in the present study that did not exhibit a significant difference between lines in the comparison of Line A vs. Line B, Line A vs. Line F, or Line B vs. Line F were the weight of the drumstick muscles, tartsometatarsal width, keel length, and Body Depth 2. Based on the variation of full sibs, Johnson and Asmundson (1957) observed that the heritability of drumstick muscles was high, ranging from 0.36 to 0.65 in males and 0.09 to 0.47 in females. The realized heritability of shank width was 0.33 ± 0.05 (SE) in a single-trait selection experiment of Nestor et al. (1985) . There have been no reports of the inheritance of the tarsometatarsal bone width. Early estimates of heritability of keel length measured near 24 wk of age and based on selected populations averaged 0.48 (Nestor et al., 1967) . In the study by Nestor et al. (1967) , heritability estimates of keel length at 24 wk of age were higher in a randombred control population than in several selected lines. There have been no reported estimates of heritability of body depth at the point of measurement of Body Depth 2. From reports in the literature, additive genetic variation in the weight of the drumstick muscles, tartsometatarsal width, and keel length is likely an important source of variation, but the lines utilized in the current study did not differ in these traits.
The average percentage heterosis for 17-wk BW observed in the present study was 7.3 for males and 2.2 for females. The average heterosis for both sexes was 4.8%. Nestor et al. (2001) also observed, in different hatches of the same crosses, that heterosis for 16-wk BW was higher in males than in females with an average of 3.3%. The average heterosis in the present study for both crosses and sexes for weight of the p. major, weight of the p. minor, weight of the drumstick muscles, weight of the thigh muscles, and breast ratings was 5.8, 4.2, 9.2, 8.2, and −14.9%, respectively. The average heterosis for the weight of the tarsometatarsal, femur, and tibiotarsal bones was 3.6, 2.6, and 3.4%, respectively. From the results of the current study, it appeared that heterosis in live BW was similar to that observed for the weight of the breast muscles, whereas heterosis for weight of the leg muscles was higher and heterosis for weight of the leg bones was lower than that for BW. There appeared to be very little nonadditive genetic variation in keel length, body depth, and body cavity measurements.
The consistent negative heterosis for breast rating, with an average of −14.9%, suggested that the crosses of the improved commercial sire lines with the experimental F line, selected only for increased 16-wk BW and exhibiting poor breast ratings, had more desirable breast structure than the average of the parental lines. The two commercial sire lines did not differ greatly in breast rating, breast width, or the weight of the p. major muscle. The p. minor muscle was heavier in Line A than Line B for females separately and when the data for both sexes were combined.
The average BW of the commercial sire lines were 1.3 and 0.55 kg heavier than those of the F line for males and females, respectively. The respective differences in weight of the p. major muscle were 0.76 and 0.43 kg and for the p. minor were 0.17 and 0.10 kg. The line differences in weight of the breast muscles among the commercial lines and the F line represented 72 and 96% of the total difference in BW of males and females, respectively, suggesting that the commercial breeders have greatly emphasized breast musculature in their selection programs.
Heterosis in breast width of the carcass was significant in only one of six comparisons and averaged 3.1% in the current study. No heterosis in breast width of live birds was observed in several crosses involving commercial and experimental lines of turkeys, including the same crosses as were used in the present study (Asmundson, 1948; Nestor, 1971; Nestor et al., 1997; Ye et al., 1997; Nestor and Anderson, 1998; Nestor et al., 2001) .
The average heterosis for bone measurements (length and width) was very low and ranged from −0.3 to 1.4%. There are no reports in the literature concerning heterosis of actual bone measurements in turkeys. Emmerson et al. (1991) found that the heterosis of shank length of the live bird was significant, but only 0.8%, in the F 1 generation of reciprocal crosses of the F line and a commercial sire line; however, no heterosis for shank width was observed. Ye et al. (1997) also observed significant heterosis for shank length (3.4%), but not shank width, in a cross of the FL line and an unimproved commercial sire line. In crosses of the FL line with the two commercial sire lines used in the present study, Nestor and Anderson (1998) observed significant heterosis for shank length of males (average = 1.5%), but no significant heterosis was observed for shank length of females. In the study of Nestor and Anderson (1998) , heterosis of shank width was negative in all analyses but significantly different from zero in only one of four comparisons.
The F line might have been taller than the commercial sire lines. Based on sexes combined, the total length of the three leg bones (tibiotarsal, femur, and tarsometatarsal) was 52.3, 50.2, and 50.1 cm for the F, A, and B lines, respectively. However, total length of all leg bones was not analyzed statistically.
For measurements of body shape, average heterosis was low and ranged from −2.7 to 2.6% in the present study. Heterosis of most body shape measurements have not been reported in the literature. In diallel crosses, McCartney and Chamberlin (1961) reported that nonadditive genetic variation in body depth (at approximately the same location as Body Depth 1) was more important in females than in males. Asmundson (1948) observed that keel length at 24 wk of age of offspring from a cross of two diverse strains of turkeys was larger than the keel length of either parent, suggesting heterotic effects.
Based on visual observation, Nestor et al. (2001) observed the commercial sire lines and the F line differed in body shape, but no measurements were recorded. In the present study, various measurements were made in an attempt to quantify the differences in shape. No line differences were observed in keel length or Body Depth 2 (measured at a point 2.54 cm anterior to the posterior end of the keel). The commercial sire lines differed significantly in body cavity length in males and females separately and for sexes combined, in Body Depth 1 (measured at the cranial process of the keel) in females and sexes combined, in body depth ratio for sexes combined, and in body cavity height and body cavity volume index of sexes combined. In all cases in which a significant difference between the commercial sire lines existed in body shape, Line A had larger values than Line B. In comparison to Line A, the F line had a greater Body Depth 1, body depth ratio, and body cavity height for males and sexes combined and body cavity volume index for sexes combined. The F line had greater Body Depth 1, body depth ratio, body cavity length, body cavity height, and body cavity volume index than the B line in all analyses. Differences between the F and B lines were greater than those between the F and A lines. Differences in body cavity width between the F and B lines were inconsistent in the two sexes.
The question arises as to what is the most appropriate body shape. Is the more appropriate shape the general shape displayed by the commercial sire lines (short legs, wide breasts and less decline in breast width from anterior to posterior, less decline in body depth from anterior to posterior, and small body cavity) or that observed for the F line (long legs, narrow breasts with width of breast declining greatly from anterior to posterior, large anterior body depth with a greater decline anteriorly to posteriorly, and large body cavity)?
From a meat production standpoint, the general shape exhibited by the commercial sire lines would certainly be more ideal than that of the F line, particularly with the increased consumer demand for white meat. From a biological standpoint, the answer is less certain. After 24 generations of selection, Nestor et al. (1995) compared the total weight of supply (trachea, heart, liver, pancreas, spleen, esophagus, crop, proventriculus, gizzard, intestines, and ceca) and demand (breast muscle with bone) organs in the F line and RBC2 line that served as the base population of the F line. After adjustment by covariance analysis for the large BW differences between the F and RBC2 lines, there were no significant line differences in total weight of the supply and demand organs. A sire line (N) no longer used commercially was also included in the study of Nestor et al. (1995) . The BW of the F line was larger than that of the N line (19.7 vs. 17.9 kg) and, after adjustment for BW differences, the weight of the breast muscle with bone was greater in the N line than in the F line (5.02 vs. 3.76 kg). However, total weight of the supply organs did not differ between the F and N lines after adjustment for BW differences. These results suggest that the N line had more demand but a similar supply in comparison to the F line. It is possible that the smaller body cavity of the commercial sire lines may be constricting the supply organs that could result in future developmental problems. The results of the present study suggest that most of the genetic variation in measures of body shape is additive.
Differences between reciprocal crosses can be due to sex linkage or maternal effects. For males, the difference between reciprocal crosses was significant (P ≤ 0.05) for only body cavity width in the cross of Lines A and F and Body Depth 1 in the crosses of Line B and F. Because there were 44 possible comparisons, the two significant differences might have been due to chance. For females, differences between reciprocal crosses were more frequent. The weights of the leg muscles (drumstick and thigh) were consistently larger (significant in three of four comparisons) in the reciprocal cross in which the dam was from the commercial sire line. Significant reciprocal effects for bone measurements of females occurred for tarsometatarsal weight, tarsometatarsal width, and tibiotarsal weight in the cross of Lines A and F and for femur weight in the crosses of Lines B and F. In all cases in which a significant difference occurred, values were larger when the dam was from the commercial sire line. Reciprocal effects might be expected to be more frequent in females than males if they are due to sex linkage because the female sex is heterogametic. However, reciprocal effects should be viewed with caution in the present study due to the small number of birds involved.
In summary, heterosis of live BW at 17 wk of age was a more important source of variation in males than females for crosses involving three large-bodied lines of turkeys. When averaged over both crosses and sexes, heterosis of the weight of breast muscles was similar to that of live BW. Heterosis of weight of leg muscles was more and heterosis of weight of leg bones was less than that of live BW. Heterosis was not an important source of variation for measurements of body shape. The commercial lines used in the present study differed in BW, and both commercial sire lines were larger for sexes combined than the F line. For sexes combined, the commercial sire lines had heavier breast and thigh muscle weights but tended to have lighter leg bone weights than the F line. The F line had greater body depth at the cranial process of the keel and greater body cavity volume than the commercial sire lines.
